We provide an initial overview of the management of infant clubfoot deformity using the nonsurgical Ponseti method.
The presentation of a clubfoot in a newborn infant in a developing country can signal a bleak future of serious disability and potential poverty for the child and family. Hindered mobility reduces education and employment prospects. Socially, the child may grow into a marginalized and impoverished adult who will depend on family support or external aid sources to survive. [1] [2] [3] The presence of many neglected adult clubfoot deformities in developing countries reinforces this reality, a situation not uncommon in many developing countries of the world, including Vietnam.
The clubfoot or talipes equino varus deformity has long been recognized as a serious pediatric orthopedic problem responsible for much suffering, multiple medical interventions, and often disabling outcomes for the child. [2] [3] [4] The prevalence of infant clubfoot varies according to ethnicity, ranging from 0.3 per 1,000 births in China to 7 per 1,000 births in Polynesia. 5 The prevalence in Vietnam is estimated to be approximately 1 per 1,000 births. Surgical correction has now been replaced by nonsurgical correction as the almost-universally accepted standard of initial treatment for congenital idiopathic clubfoot. 6, 7 Although there are many methods of nonsurgical correction (manipulation and serial casting, physical therapy and continuous passive motion), which can be successful when correctly instituted, clinical reports have found success rates of only 15% to 50%. 6 The frequently reported exception is the Ponseti method, which is reported to be approximately 90% successful in both the short-and long-term. 2, [7] [8] [9] Globally, the Ponseti method has gained increasing favor in the past three decades, although it has been used by the original author, Dr. Ignacio Ponseti, since the 1940s. The follow-up results over 30 years are very good in terms of pain and function. 10 The technique has been refined over many years and current research continues to inform our practice and method. 6, 9, [11] [12] [13] [14] [15] The correct use of the Ponseti technique has repeatedly been shown to radically reduce the rate of extensive corrective surgical procedures for clubfoot cases and has been found to be adaptable to successful use in the developing world. [1] [2] [3] 7 Concurrently, the long-term results of clubfoot surgery have found moderate to severe degenerative changes in 56% of patients. 16 The Ponseti method provides the best long-term results for clubfoot deformity, has few complica-tions, and is cost effective. In Vietnam, the initial cost estimates revealed a very favorable cost comparison between clubfoot surgery and the nonsurgical Ponseti method. The cost of surgery (including surgery, medication, dressings, radiographs, splint, hospital accommodation, and food) was VND 4,300,000 per case. By comparison, the cost of the Ponseti method (including five casts, three braces/shoes) was VND 1,400,000 per case. Therefore in Vietnam, the Ponseti method is at least two, and possibly three times more cost effective than clubfoot surgery. 17 Economics aside, the clinical results for a pain-free functional foot are much better when the Ponseti method is correctly used. 9 
Clubfoot Basic Pathology
The congenital idiopathic clubfoot deformity is identified by the presence of a retracted and inverted heel (equinus), usually a medial crease on the plantar aspect of the adducted forefoot, and longitudinal arch cavus. Pathognomonic to this deformity is the inability to bring the foot to a plantigrade position. In unilateral cases, the clubfoot is comparatively stiff and smaller because of leg muscle atrophy; and shortening is also common.
In terms of etiology, a normally developing foot deforms at approximately the 16th fetal week to become a clubfoot. Although genetics and environmental influences are both probable contributors, it is curious to note that a more precise mechanism of etiology is still unknown.
The primary deformity centers on the shape and position of the talus and the related misplacement of the navicular. The Ponseti method focuses on stabilizing the talus and reducing the clubfoot deformity by abducting the inverted forefoot. This allows for the calcaneus to abduct, which in turn allows for the ankle to be dorsiflexed (often necessitating lengthening of the Achilles tendon). 2, 5, 18, 19 
Types of Clubfoot
There are three main types of clubfoot to be aware of when diagnosing the infant clubfoot. The first and most common is the congenital idiopathic clubfoot, a difficult deformity that affects otherwise healthy children. The second type is the resistant clubfoot often associated with syndromes such as arthrogryposis and is stiffer in nature. Third is the atypical or complex clubfoot, which is short, fat, stiff, and requires a very adapted casting approach. 19 Although the Ponseti method is suitable for all types of clubfeet, it is mostly used for congenital idiopathic clubfoot. The extent of deformity of the stiffer syndrome-associated clubfoot, as occurs with arthrogryposis or myelomeningocele, may be reduced with careful technique use. The technique must be adapted for the atypical or complex clubfoot as Ponseti 19 has clearly described.
The Ponseti Method Described
The basic steps involved in the Ponseti method are outlined below. After initially assessing the clubfoot type, the foot is given a score using the Pirani method to assess severity. The foot is then manually manipulated to the correct position for the first cast to be applied. This process is repeated every 5 to 7 days until foot position is corrected, which usually takes approximately five to six casts. It may be necessary to perform an Achilles tenotomy to gain full correction of the ankle equinus, in which case a final abductory cast is applied for an additional 3 weeks. Following initial castings and Achilles tenotomy if required, the foot correction must be maintained with an abduction brace for 3 to 5 years to prevent relapse of the deformity. It is vital that children are monitored regularly. The reader is strongly encouraged to access the Ponseti Management publication, which was recently translated into Vietnamese and is available for free download from Global Help. 2 
Diagnose Type of Clubfoot
With reference to the above description of clubfoot types or categories, it is important to identify the type of presenting clubfoot so as to select the correct casting technique (standard Ponseti for the congenital idiopathic clubfoot or adapted Ponseti for the complex or atypical clubfoot) and to realistically predict the results (often not as good for the resistant clubfoot seen with arthrogryposis).
Score the Clubfoot Severity with the Pirani Scale
The Pirani scoring system is used to assess initial clubfoot condition and to monitor treatment progress of the Ponseti technique. It has also been found to be reliable 20 (Table 1) , predictive for the need of Achilles tenotomy, 14 and prognostic. 11 Pirani scoring of clubfoot consists of examining six areas of the foot that reflect the hindfoot, midfoot, or total foot status in terms of clubfoot severity 2 (Fig. 1) .
The initial Pirani score has been shown to predict the likely need for Achilles tenotomy. Initial scores ≥ 5 require tenotomy; scores ≤ 3.5 do not require tenotomy; and scores between 3.5 and 5.0 may need tenotomy. 14 Another recent study 11 has found that the initial Pirani score not only predicts the need for tenotomy but also the number of casts required to gain correction. This study found that hindfoot scores are most predictive for tenotomy need with initial hindfoot scores of 2.5 or 3.0 (of a possible 3.0) requiring a tenotomy in approximately 75% of cases. The total score of above or below 4 indicates how many cast applications may be required for correction. A total score of 4 needs at least four casts; a total score of less than 4 needs fewer casts.
Pirani scores are a very useful guide. The foot should be scored initially, at each cast change, and at splint reviews. Evaluating the foot at each cast change will enable residual components of the deformity to be addressed. It is important to remember that because each case is individual, the Pirani score system may guide, but not dictate, clinical decision making.
Manipulation
All components of the clubfoot deformity are corrected simultaneously except for the ankle equinus, which is corrected last. The arch cavus is corrected at the same time the forefoot adduction is reduced. This is achieved by inverting (supinating) and abducting the forefoot to align with the hindfoot. 21 Manual manipulation of the infant clubfoot must be both anatomically accurate and gentle. Ensure that the parents and baby are comfortable for this process. Feeding can greatly assist in relaxing the infant during the casting process. The applied forces should not distress the infant and must be carefully directed around the stabilized talus (Fig. 2) . The newborn infant clubfoot is very small, and it is easy to incorrectly manipulate the foot. The basis of the Ponseti technique is to abduct the inverted forefoot around the stabilized talus (Figs. 3 and 4) . The heel is not touched during this process. If the talus is not accurately located, the force of abduction will break the foot at the developing talonavicular joint and the calcaneus will not abduct. This was the main problem with the Kite technique, 22 which applied pressure over the calcaneocuboid joint, preventing correction of the heel. We recommend that doctors contemplating using the Ponseti technique use a skeletal model to review the details of foot anatomy (Fig. 5) .
Padding
Once the foot has been held in the correctly manipulated position for 60 sec, a layer of under-cast padding is applied. It is important that the manipulated position of the foot continues to be held while the padding is applied. Clearly, two doctors are now necessary for this process. The padding must be applied with firm tension and minimal bulk. Too much padding will simply compress and allow for cast slippage, less effective foot molding, and skin abrasions. Care must be taken to ensure that all skin surfaces are covered, from toes to groin (Fig. 6 ).
Application of Plaster Cast
The manipulated foot position continues to be maintained while the plaster cast is applied over the layer of minimal padding. The plaster is always applied in two sections: the foot and leg below the knee (Fig.  7A) , and above knee, with knee flexed at 90° (Fig.  7B) . The first section of plaster is applied by one doctor (or other trained staff member) while the other doctor maintains the corrected foot position. The plaster is molded very well around the arch and hindfoot. Once the first section of plaster is set firm and holding the foot position, the knee is flexed to 90°a nd the above-knee section is applied up to the groin. Firm tension must be used when applying the plaster to prevent cast slippage. Ensure that all skin is covered by padding so that no abrasions will be caused from the plaster edges. The knee must be reinforced to prevent cast breakage and it is helpful to apply an anterior plaster slab rather than heavy layers. Once the cast is firmly set, it must be well trimmed to allow a Six infants (10 clubfeet) aged 8 to 18 months (mean age 13.3 mo) were examined for the reliability protocol. There was good correlation between examiner 1 (aid team volunteer) and a Vietnamese nurse who has been trained to use the Pirani scoring system (rho = 0.927). However, the interrater measures were limited to two subjects, and therefore, provide only preliminary indication. Slide thumb and forefinger from malleoli to the front of the ankle mortice. The navicular is small (forming) and being medially displaced, will be found under the medial malleolus. The anterior calcaneus will be felt just below the talar head. Stabilize the head of the talus laterally so the foot can be abducted around the talus. Do not touch the calcaneus for this movement. 
Repeat Casting until Foot Position is Corrected or Achilles Tenotomy is Required
The casting process is repeated every 5 to 7 days and is guided by the initial Pirani score, 14 especially the initial hindfoot score. 11 It is now known that casting for 5 days gives the same results as casting for 7 days 23 and can shorten the overall casting process (average of six cast repeats) from 42 days to 30 days. This may be very useful for families from remote regions.
To avoid upsetting or cutting the infant, cast saws are not used. Instead, it is recommended that all casts be soaked off 1 hour before the next cast is to be applied. This can be easily achieved by having the parents wrap the cast in wet newspaper or wet towels for toe clearance dorsally. It is important that the toe extensor muscles can activate because these are anticlubfoot mechanisms (Fig. 8) . It is also important to monitor blood perfusion to the foot, especially in the and then put the cast leg in a plastic bag. After an hour, the cast is soft and can be easily removed with plaster scissors.
Achilles Tenotomy Decision
The foot is scored with the Pirani scale at each cast change so that progress can be monitored. If adequate dorsiflexion is not achieved with sequential cast abductions, an Achilles tenotomy may be required. This will have been indicated from the initial Pirani score. 11, 14 It is very important that the foot is sufficiently abducted before performing an Achilles tenotomy to increase ankle dorsiflexion. The best sign of sufficient abduction is being able to palpate the anterior process of the calcaneus as it abducts from under the talus. 2 At this stage the heel should be in a neutral position and the foot abducted 60°to the tibia (coronal plane). It is better to apply another one or two casts to be sure of the hindfoot abduction, rather than performing a premature and ineffective tenotomy. It is also important that the foot not be forcibly pronated in an attempt to reduce the equinus. Remember that unless the calcaneus can abduct beneath the talus, the foot cannot dorsiflex. The impatient use of excessive force will cause a midtarsal break of the infant foot and will not reduce the ankle equinus. The calcaneus must be able to abduct beneath the talus to reduce the equinus (with or without a tenotomy).
A tenotomy, if required, can be performed percutaneously with either topical or locally infiltrated anesthesia. Some authors 14 have commented that both of these methods of anesthesia appear to provide the infant with similar pain relief but that the topical skin approach enables easier palpation of the tendon. If local anesthetic solution is injected, a small amount is advised. Full skin disinfection and good sterile technique must be used for this procedure. As seen in Figure 9 , the tenotomy is performed with a small blade to sever the Achilles tendon approximately 1.5 cm above the calcaneus. The foot is held in maximal dorsiflexion while this is performed, and increased dorsiflexion is immediate once the tendon is released. The incision is lightly dressed and the post-tenotomy cast applied with the foot abducted 60°to 70°and knee Figure 6 . Minimal under-cast padding is applied while the correctly manipulated foot position is maintained. The padding can be applied in two sections, ie, below the knee and then above the knee, or completely from toes to groin.
Figure 7.
The cast is applied in two sections. A, The cast is applied first to the foot and the leg below the knee. Note the maintained manipulated foot position until the plaster has set firm. B, The second section of cast connects the knee and thigh with an above-knee cast that extends to the groin. The knee is flexed at 90°and needs to be reinforced to avoid breakage.
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flexed at 90° (Fig. 10 ). This cast remains for 3 weeks, during which the tendon heals. Upon removal of this cast, the foot abduction brace must be immediately applied.
Abduction Brace
Although the casting and tenotomy (usually required) achieve the correction of the clubfoot, it will all be wasted if the foot abduction brace is not used properly for the months and years following correction. We now know that clubfoot relapse following good cast/ tenotomy correction is enormously increased when the foot abduction brace is not used consistently. 6, 15, 23, 24 Given the genetically driven tendency of the clubfoot to be deformed, bracing and monitoring must be very diligent until the child is at least 5 to 6 years of age and beyond. 2 The foot abduction brace is applied immediately after the last cast is removed, 3 weeks after the tenotomy. The brace bar measures shoulder width of the baby and will need to be increased with growth. For bilateral clubfoot the boots are ideally abducted 70°; for unilateral cases, the clubfoot is abducted 70°and the unaffected side abducted 30°. However, it should be emphasized that the initial brace abduction angle should be the same as that obtained with the posttenotomy cast. Bracing the feet in greater abduction than that achieved with the final casts may well increase the baby's discomfort and a higher chance of early noncompliance. The knees are free so the baby can kick to exercise and stretch the gastrocnemius muscles. A slight 10°bend in the bar maintains dorsiflexion.
The brace used in Vietnam is now manufactured in Da Nang by the Orthotics Department of Da Nang Orthopedic and Rehabilitation Centre and comes in three sizes. The attached boots are also locally produced in nine sizes to accommodate for growth. The child usually needs three to four different sizes for the duration of bracing (Fig. 11) .
The brace is worn 23 hours per day for the first 3 months. After 3 months, the brace is worn for 16 hours per day, at night and during daytime naps. The use of the brace is continued 10 to 12 hours per day up to age 4 years, and is still worn at night up to 5 to 6 years of age. The longer the brace can maintain correction against genetic clubfoot activity, the better the long-term results.
The parents need to be informed of the importance of brace use right from the start of managing the clubfoot. It is a mistake to allow parents to think that the cast correction alone has fixed their baby's clubfoot, and they must be clearly informed that the clubfoot will relapse if the brace is not worn as instructed (Fig. 12) . A printed information sheet and regular review appointments are advised. Ensure the parents know how to apply the splint and warn them that a few difficult nights are normal.
Monitor
Because the brace use is so critical to good long-term results, it is important to monitor compliance regularly. Follow-up after the initial fitting of the brace should occur at 2 weeks, 1 month, and 3 months. After 3 months, brace use is reduced to 16 hours per day. Figure 10 . A final cast is applied after the Achilles tenotomy and remains for 3 weeks. The cast should be applied with the foot abducted 60°to 70°(A). After removal of this final cast, 20°to 30°of ankle dorsiflexion should be possible (B). The foot is now ready for splinting, which must begin immediately to avoid loss of any initial correction. To reduce early noncompliance with the boots and abduction brace, the initial abduction angles should not be greater than that achieved with the final casts. (Reprinted with permission from Global Help.) Figure 11 . The brace boots are made in nine sizes to allow for growth. In unilateral cases of clubfoot, different sized boots may be required because the clubfoot is usually smaller than the foot without deformity. Figure 12 . The use of the foot abduction brace is essential to prevent relapses, and its use must be regularly monitored.
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Continue to check every 3 months until the child is 12 months old (depending upon the age the process began), three to six monthly checks until the child is 5 to 6 years old, and then six to twelve monthly checks until age 15 years or at skeletal maturity. The risk of relapse is greatly increased with bracing noncompliance. It has been shown that insufficient use of the brace accounts for more than 80% of relapses 7, 15, 23 and that noncompliance with the brace is the most predictive factor for clubfoot recurrence. Noncompliant patients are 27 times more likely to relapse than those who comply with brace use. 25 The management of the relapsed clubfoot is largely avoidable if the Ponseti method is used correctly and in particular if the foot abduction brace is used to maintain correction during the early years. Signs of a relapsing clubfoot include reduced abduction, reduced ankle dorsiflexion, increased metatarsal adduction, heel varus, and forefoot supination. If the clubfoot does relapse, the patient should undergo recasting and rebracing. For equinus, the patient should be recast; another tenotomy may be needed, and then cast and splint again. For gait supination, the patient may need tibialis anterior transfer to the third cuneiform. For further detail regarding relapse management, the reader is referred to the Ponseti monograph. 2 The Ponseti method is not quick, but it is cost effective in Vietnam and gives the best long-term results for the life of the growing child.
Ponseti Method Research
The results of research investigating the efficacy of the Ponseti method are summarized and presented in Table 2 . 1, 3, 6-10, 13-15, 19, 23, 24, 26-30 These results illustrate very clearly why the Ponseti method has now become the technique of choice in the developed world. It becomes implicit that this approach is also suitable and beneficial for use in developing countries where scant health-care resources make the cost-effective Ponseti method very suitable. There is still much to learn regarding both the universally similar and country specific barriers for families adhering to the Ponseti method. 31, 32 The Vietnam Experience to Date
The Feet for Walking clubfoot project (FFW) in Vietnam began in 2004 as a collaborative venture between the Da Nang Orthopedic and Rehabilitation Centre (DORC) and the Australian College of Podiatric Surgeons (ACPS). The project aims to increase community awareness of clubfoot as a deformity that is best identified and treated early from birth; build a capacity for medical staff to treat this condition with the Ponseti method wherever possible; and incorporate necessary surgical correction for old and neglected cases.
Many (Table 3) . At the subsequent seminar in May 2008, she presented a summary of the use of the Ponseti method on 30 infants (49 clubfeet) in this hospital over a 6-month period (Table 4) . Of the 30 infants, 19 were male and 11 female. There were 11 unilateral clubfeet (nine right feet, two left feet) and 19 bilateral cases. Twenty cases were idiopathic clubfeet and ten had other associated pathologies. Initial Pirani scores were ≤ 3.5 in nine feet, between 3.5 and 5.0 in 11 feet and ≥ 5.0 in 24 feet.
The liaison between the ICRC and the FFW team is ongoing, which will further promote the best management of infant clubfoot deformity for infants in Vietnam. The FFW Web site provides current information about the progress of this very worthwhile, collaborative project (www.feetforwalking.org).
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